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I IirTRODUCTlON 


1 .1 General 

k gtraoture xn its crudest form since times pest, to its present 
sophisticated, aestbetically amazing outline, roinimised ciua optimised 
resources inputs and functionally overwhelmingly satisfying refinements 
represents the constant endeavour of the mankind, its evolution by 
landmarks can be witnessed either from surviving ageless masterpieces, 
or, can be traced by archaeologists through excavations. A single most 
important aspect of men's effort to tame environment and conquer nature 
has its foundation in a structure. In one or the other of its countless 
forms, bo it a packing material, skyscraper, a mighty rocket hurled into 
sky vri-th tremendous thrust or a bulk carrier subjected to unceasing wave 
action, it is the structure which protects the occupants vTithin end defies 
the environment outside. In all these cases, the structure has to be 
designed to perform under different types of conditions with a highest 
common factor being the satisfactory containment/transference of forces. 

Each structure has to be, therefore, tailor made to perform with utmost 
reliability, commensurate with over- all economy. 

For providing acoomodatlon to exploding population primarily as 
residential quarters and business activity centres which is further 
accentuated by heavy concentration of resources in metropolitan and highly 
urbanised centres, resulting in pauoity of u3«*abla land, it was only natural 
for man to utilise the space in third dimension which resulted in early 
twentieth century skyscrapers, the outstanding example of first generation 
being the Empire State Building (1250 ft.). 



However, as pioblens mentioned heretofore multiplied, one nore 
factor, VIZ., rapid escalation of construction cost, which had revolu- 
tionising effects on design philosophy of these types of structures 
added a ne?; dimension to the now completely defunct approach to design. 

1 ,2 Statement of the Problem 

With continucfus increase in pressure on urban lands and sharp 
increase in construction cost, the present trend is to design multietorsy 
frames of a structure to carry vertical loads, resist horizontal shear 
and to minimise the use of components vrfiich performed secondary role. 

With evear greater understanding of response of material under stress 
conditions and the ability to produce a construction material vTith highly 
consistent engineering properties conforming to idealised behaviour has 
led to utilise, hitherto backup, strength in nonlinear response zone of 
the materials . This has an advantage in obtaining uniform load factors 
for structural elements. 

The structures may be classified into various groups depending on 
geometry, dimensional ratio of sides of elements and purpose. The framed 
structure may be classified asj 

a. plane frames} braced or unbraced and 

b. space frames. 

In general higher the indeterminacy of a structure greater is its 
reserve strength in nonlinear aresponse zone. It is an accepted practice 



to dotermina working strength -m-thin the elastic zone. In frames, the 
indstenninacy is usually high, because of the assumption that the joints 
and the connections er& infinitely rigid. 

To reduce an indetominatc structure to a determinate one, through 
failure process, the approach is to load it and let the stress concentra- 
tion occur at prodetemined points. There is then a limit reached beyond 
which the stress concentration cannot increase, although the load may 
increase on the structure. At this stage, when the element from top to 
botton fibre is stressed to yield limit, the structure- behaves in that 
region as hinged, vrith a constant maximum moment and the process of 
internal redistribution then commences in general. As these points 
increase in number, the degree of indeterminacy is reduced and at one 
stage the structure becomes detenninate. Beyond this point, when structure 
is loaded a mechanism is obtained finally resulting in failure. It is 
using this plastic approach, that the frames are analysed and cost effective' 
ness achieved. However, formation of a mechanism only does not lead to 
an optimised solution. As will be subsequently seen, the optimisation is 
achieved when all possible mechanisms occur simultaneously. In other 
words, all the sections, vvhen stress concentration occurs, should yield 
at the same time to obtain a complete collapse. This is still in sub- 
structure optimisation stage, considering the structure comprising several 
frames, which may have any number of storeys and bays, there may or may 
not be any constraints on spacing and sizes of frames for a given enclosed 
area, and the foundation of frames. In entirety, therefore, minimisation 
will be a difficult proposition, if not, an impossible aim to achieve. 
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1 .3 Forces 

A high rise structure has to withstand gravity loads, wind loads, 
seisBic loads and temperature stresses. The first of these can he classi- 
fied as manmade and the remaining as natural due to geophysical processes. 

The forces can be further classified as deterministic and probabi- 
listic. In probabilistic approach the seismic and wind excitation analysis 
in miiltiple load combination deals with vibration of structure and the aim 
of analysis is to obtain the mode shape there by obtaining the maximum 
displacement and stresses within predicted life span of the structure. At 
times this approach may lead to cost excalation. The various factors 
required for this type of analysis are laid down in relevant codes of 
practice. 

1 *4 Structural Engineering and Interaction 

A structural engineer has to act in concert with the owner, to 
satisfy him about the safety of the structure and its efficient end use at 
the most eoonomical cost, which will include initial construction costs, 
repairs and maintenance over predicted life span. He has to take into 
account architectural aspects of structure and has to provide enough 
servicing space for maintenance of environment as envisaged by a code and 
as dictated by the projected use of the space created. There may be further 
design constraints resulting from the limited range of the materia availa- 
bility, the erection process, the construction space, the time limits etc. 
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All these factors have profound effect on the manoeuveroribility of the 
structural engineer and on the design philosophy, ^ihich aim at obtaining 
efficient end products. 

1 .5 Multistorey Frame Design 

The high nse structure may have the skeleton system designed as a 
truss or a frame. In practice rectangular frames are widely used. The 
frames may be provided with bracing to resist horizontal forces. The 
bracing is a comparatively economical alternative to moment resisting 
frame. 

1 .6 Ob.Tective and Scope of Investigation 

The objective of present study is to finda blended mix of presently 
advocated philosophies to obtain an efficient planajr framing system. 

To achieve this, the following system has been adopted: 

i) A ccmputerised programme based on the lehigh (I965) design 
philosophy is developed. 

li) Various modifications are incorporated and efficiency of 
different approaches compared. 

The study has been confined to multistorey, raultibay, uniform, 
rectangular planar frames subjected to deterministic wind and gravity 
loads, with a multiple loading combination. 
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1 Design Philoso'pby 

The approach to design of the Fiultistorey aultxbay frame is to 
disoretise the structure and design each ctorey seporateTy, from top to 
bottom. To obtain a first approxiination of the member sizes the gravity 
loading has been considered • Subsequently each olenent in conjunction 
97ith a limited number of neighbouring elements has been used for its 
ability to withstand the multiple combination of the loading- The design 
of an individual member in this manner is termed as sub assemblage approach , 
The sub assemblage has been subsequently dealt vdth in relevant chapters. 

The design of bracing is based on an assumption that the braced bay 
acts as truss and horizontal force as resisted by trussed bay beam, 
column and bracing member. The section of the beam and the column in a 
braced frame may have to be revised. In Lehigh approach the frame resistance 
has been neglected, wliile in the present case the saving in weight due to 
consideration of frame resistance has been worked out. The bracing may 
also be skaggered to avoid revision of column section due to over loading 
on column. 

Although it v/ill be advantageous to let all the four hinges develop 
in a sway mechanism, to restrict the horizontal deformations only three 
hinge formation is acceptable. 
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1 ,8 Literature Review 

The plastic method of designing a structure became essential to 
minimise the weight end, therefore, developpo vigourously as aerospace 
structures tecarie more common. Howevei', for civil engineering structure 
plastic design concepts were recommended only in 1959 ^7 American Insti- 
tution of Steel Construction for frames upto two storey's. At present, 
however, multistorey frames of any height are being designed by plastic 
design approach. The outstanding example being 87 storey Standard Oil 
of Indiana Building. 

W light and Gaylord (1968) evolved the method of incorporating the 
nonlinear effects of frame deflection and considered equilibrium in the 
defomed state. They used iterative technique and at each repetition, the 
equilibrium condition v/ith previous deformation has been checlced. The 
approach is unique, in that, when the tangent to load-defomation cuirve 
becomes almost flat, the evaluation is still possible. This bas been 
achieved by using fictitious spring with linear characteristics. This 
method however has been suggested for refined calculations. 

Leroy and William (l970) have suggested a method of determining 
the cost gradient for many alternatives that are available, viz, braced 
and unbraced bay and for these conditions the evaluation for each bay 
has been made. The problem, thus, has been reduced to gradient search 
technique. The authors have concluded that the structure with mininaun 
wei^t may not result in practical layout of bracing. 
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Leroy and //illicn (1972) have used storejn'rLse approach of finding 
the aininuj!] cost for a given frsnie • They apparently felt th ^ regorcus 
mathenatical optimization techniques not alv/aya be suitable for 
design office use and have used heuristic method discussed in their 
previous paper. In this approach, though, the axial load increpcnt on 
column, has been considered while developing the sensitivity coefficients, 
this does not appear to be an escact solution, because if the trussed bay 
position in lower storeys changes, the validity of sensitivity coefficient 
is lost* The authors do not make the claim for the best optimum solution. 

Wnght ( 1972 ) discussed the approximate method of finding the frame 
resistance* The approach, as discussed In Lehigii (l965)f ^vhile calculating 
the storey shear capacity, the resistance of tho frame has not been consi- 
dered* In general there v;ill be considerable frame resistance available 
due to change in the load factor vAien the frame is designed for different 
loading combinations. This frame resistance can be calculated and if 
sufficient to stand stoi^y shear bracing avoided* 

ffeiderbrecht and Smith (l975) have developed a matbanetical model 
for high rise structures. The method has hand application capability for 
uniform and nonuniform structures for static analysis and for uniform 
structures for dynamic analysis* The design curves have been developed 
for ready use. 

Fielding and Chen (1975) have discussed the effects of considering 
the size and stiffness variation caiised by the connection. Using slope- 



9 


deflection equations and suitably modifying these, due to the effects of 
connection, an additional equation ner joint has oeen obtained for the 
additional degree of freedom. They have concluded that ultimate load 
cannot be improved upon due to additional connection stiffness but drift 
is reduced at working loads. 

Picordi ( 1973 ) has discussed a high rise structure. The basic 
postulation made is that the tower behaves like a cantilever beam. Further 
it has been shown by comparison, that economy can be achieved by this 
approach, cr^npared to the high rise structures previously designed and 
eocBcuted, eg Chase (NETiYI'ORK) has steel content of 55 lbs/aft;for 60 storey 
height, as compared to this, the Standard Oil of Indiana Building has 
33 Ibs/sft steel content for 07 storey height. The outer shell of building 
acts as a monolithic tube in which columns are rigidly connected with steel 
plates, thus providing shear continuity essential for beam approach. The 
inner perimeter of columns have deflection properties independent of outer 
perimeter. Other connected aspects like fire proofing and foundations 
have also been discussed. 

1 .9 Critical Review 

With better understanding of behaviour of steel in particular and 
other construction materials in general, it has been mode possible to 
shrink the requirement of steel and obtain lighter structures. However, 
the storeyivise minimisation as discussed by Leroy and William (1972) 
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does not alv/ays give a practical bracing solution* The latest trend to 
design the tover as cantilever bearip as in case of Standard Oil of Indiana 
Building, requires fester and bigger computers and further niniinisation 
maybe possible if all shells are interconnected, T-bich will require even 
more computer effort and nachine tine. 



II COIiCEFTS A!T ASSUI^IPTIOIIS 


2.1 General 

Steel or reinforced concrete n?y be used as basic construction ^ 
motoridl 'for multistorey frcn*^. Steel ir? preferred for various reasons , 
primarily because of r-nae in erection, comparative loiter self vjt^ight and 
better response to excited vibrations due to T^ind and earthquake forces. 

The principal property of steel to undergo large deformations at almost 
constant resistence offered by it, viz, ductile behaviour, has been made 
use of to develop plastic theory. 

Foulkes (1953) was perhaps the first to have advanced theory for 
a sinple frat,ie. Kist (191?) intuitively suggested the static theorem for 
which the mathematical proof was given by Gvozdev (1936). Prager (1959) 
gave proof for kinematic theorem which makes available a set of loads afl 
upper bound to safe set of loads. Horne (1950) discussed the uniqueness 
theorem which gave an exact safe load for a structuie . 

Poulkes mechanism approach apparently becomes unwieldy for high 
nse structures with multiple bays and has not been favoured by investi- 
gators . 

Although the uniqueness theorem gives the exact collapse load, the 
problem for designer is to select suitable section for a specified load 
factor and this approach, as discussed by Poulkes (1959) and further 
ejqilained by Neal (19^5) throu^i four theorems and applied to two structures 
arranged as single storey in case I and as two storeys in case II, appears 
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to be rather inefficient for that size of problem. In practicef multiple 
loading conbinations have to be considered. 'The fundamental assumption 
ao given by equation 


'S = a + b M 
P 


( 2 . 1 ) 


where 


7 

Q ,b 


- v/eight/unrt lengi;h, 

- Constanta and 

- the piastre mcment of section 


holds only for small range of variation in M as discussed by Jreal * 

P 

Further assumption is made, that the range of available sections is infinite, 
which Is not true in practice. 


Boulton (1952) suggested minimisation of weight of multistorey 
structure by considering each storey separately. It is this approach vAiich 
has been favoured by some investigators and has been adopted in the present 
woik. However, no claim for mathematical optimisation is being made. The 
members have been so chosen by heuristic optimisation, in that these are 
just sufficient for one of the loading cases and are over-safe for the 
remaining cases of loading . The optimisation approach as professed by 
afore mentioned researchers have in general two drawbacks, as far as, 
practical application is concerned. Firstly, the frames are unbraced, 
therefore, per necessity, have to develop large bending moments. This is 



not the best iybj' of usin^ the aaterial. Secondly, for echieving' maximun 
economy, as defined by mathematical optimisation, unless additional con- 
straints are imposed, all the elenenus in frame should reach their 
maximum capacities simultonecucly . In ense of frames the hinges should 
fom at susceptible stress concentration points at the same time so as 
to achieve complete collapse. If in practice, this be envisaged, the 
deformations become ettomous and are unacceptable by codes of practice 
in particular and from occupation comfort point of view in general. There- 
fore, in its strictest sense, it nay never be possible to design multi- 
storey frames based on the foregoing philosophy. Considering all the 
points in the foregoing discussion, viz, limited number of nvailnble 
section sizes, large variation in plastic moment of elements used in 
structure satisfying various loading conditions, restricting the defor- 
mations to practical limits, even if oth>^r practical and related aspects 
such as fabrication costs, the connections resulting from changes at each 
storey level of frame ise»obtaining nonrational application and the founda- 
tions, v,hich may have considerable effect on overall economy of frame, are 
not considered. Leroy and William (1972) even after having adopted 
storeyvase approach and having formulated cost gradients for different 
alternatives available, conclude that the absolute minimum cost configu- 
ration obtained may not be practically suited. 
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2.2 Features ot Structure; Considererj 

2.2.1 The n-storey end m-bay stnacture &hotvn in Fig. 2.1 has the following 
cbcraoteri otics . 

a. The stracturr- is regular ord rectangular in shape. The st orrery 
hoights are eciual- It has been found economical and practical 
to restrict the slenderness ratio of columns to leso than 40. 

It IS, however, not essential to have all storeys of the sane 
height . 

b. It IS Qssuned that in transverse direction the structure is 
comparatively long and all the gravity load is distributed as 
uniform load on beams and v/ind load as point load at beam 
ool\mn junctions. 

c. Axial deformations and consequent deflections have been 
neglected. 

d. Joints are immensely rigid and elements framing into it maintain 
constant circular relationship till collapse load. 

e* Out of plane bending has not been considered, the structure 
being sufficiently braced* 

2.2.2 Behaviour of Structurei The structures which have atleast one 
redundancy can be designed by plastic design method. In frames the redun- 
dancies are normally high. After first plastic hinge has fomed, the 
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process continues and n^xt highest concentration point generates another 
hinge. This is called redistribution of stress. The load defonnaticn 
history to collapse of a redundant structure, in general, has characteri- 
stics cnume^ted as follov^s: 

i) The load-displaceT/ient curve sho^vs an el^^stic zone. 

ii) The curve rosy shov/ the zone of contained plastic flo^v. IXinng 
this stage, the curve nay undergo more than one change of slope 
depending upon loading and section properties as sho7/n in 
Fig. 2 . 2 (a). However, there nay be sudden collapse, even if thu 
structure has redundancies as shov;n in Pig. 2.2(b}. This agnin 
IS a function of relative section properties and loading. In 
latter case all hinges foin simultaneously, therefore, there is 
no zone of contained plastic flow and hence no stress redistri- 
bution occurs. 

2.3 Assumptions 

The assumptions made in plastic theory and design of structure are 
enumerated in paras 2.5-1 and 2.5»2 respectively. 

2*3-1 Assumptions in Plastic Theory: 

1 ) The material is isotropic and homogeneous, 
ii) In beam element for tensile zone the pioportiea are similar to 


that in direct tension. 
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111) The load-defoimatioa relation is^ as shown in Pig. 2.3* 
idealised elastic plastic. 

iv) The equilibrium in undefomed state is considered unless 
stated otherwise. 

v) Tbtr loading is proportional. 

vi) The failure does not t?>e place due to buckling .e . > the 
structure is stable till collapse load is reached. 

vii) The deformations about the major axis of section, only are 
considered . 

viii) The torsional buckling, local buckling of flange and web, 
shear and axial force effects and rolling stresses are not 
considered unless mentioned. 

ix) The beneficial strain hardening effects are neglected. 

x) The connections transmit the generated plastic moments without 
deformation- This results in plastic continuity. 

2.3«2 Assuinptiorfe in Ana lysisi 

i) In case of beam mechanism the hinges form at the faces of column^ 

ii) When the rotation is O.OO 4 radinHg,the bracing yields, 
lii) The braced bay behaves as a truss* 

iv) The frame resistance is neglected for evaluating bracing force. 
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v) ”.Tien ivind acts on a frnD‘ the wirid?jard’ end hinge disappears 
m the beam. 

vi) The Icad-def omation characteristics under ivoAing load condi- 
tions rjrc in the olaatic zone. 



2.4 .1 Storeywise Analysis! The structure is designed as one storey frane 
from top to bottom, assuming that the storeys above and belov; the stoiuy 
undor design are safe. However, by such assumptions the continuity is 
destroyed, which is again incorporated by considering the subassemblage 
which embraces two storeys. The sub assemblage approach is utilised to 
discretisG the structure into a more comprehensible group of elements which 
can be handled rnth ease and in doing so some approxinations have been made 
vrfiich are dealt with in the relevant chapter. 

2.4.2 Subassembl sge t The subassemblage discussed in the foregoing article 
may be defined as a substructure comprising beam and colmn elements, all 
in continuous neighbouthood of the joint. The subassemblage so considered 
is without prejudice to the overall design/analysis of structure and 
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satisfying the equilibnuu and ccnipatibility conditions viiich can be 
incorporated in parent structure -without resulting in any ncdificaticn 
to thf adjacent eleaents of th'-* sub assemblage . The subassenblage approach 
mdces the entire structure anenable to simplified, coLiprehe-nsible , cafe 
and nearest to the optinal design as illustrated in subsequent treatment . 
The idealisation of subasserablage elements is as shown in Fig. 2t4- It 
may be noted that idealisation of subassenblage yn.ll be governed by 
adjacent span ratios, loadings and positions of colunns. 

2.4*4 Moment-OiiLr.vature Relationship Cur'/es) 

a. For various loading configurations of a beam colmn, it is 
essential to determine the load capacity of the colunn. To 
avoid lengthy calculations M- ^ curves have been obtained for 
ready use. The moment-curvature relationship is a function of 
column load- yield load ratio, slenderness ratio, the ratio of 
end moments acting on column. The Fig. 2.5 shows a column and 
its deflected shape and Fig. 2.6 shows a typical M- ^ curve. 

b. Column deflection curve (CKJ)} The column deflection curve by 
definition is half symmetric wave-length which gives deflection 
of a hypothetical column in equilibrium under axial load, within 
this length oan he incorporated the original column, with actual 
loading, which includes a-xial force and end moments. It may be 
noticed if end moments are equal in magnitude and have same 
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sense or oppnsite an then the hypothetical deflection 

curve coincide /rith actual deflection car/c es illustrctoJ in 
Fig. 2. 5- The general equation for deflection of the colunn 
IS 

- EIy" = 1,! (2.2) 

«/ 

where 

E - Youngs moduluE of the material, 

I - mcTiont of inertia of the section, 

Y - distance from origin, and 

11^ - nomont at distance Y from origin. 

The agreement betvreen CDC and actual column deflected shape is not 

exact, except for C = - 1, + 1 or = 0, where C is end moment ratio 

and m is the end moment. However, if deflections are small, the CDG is 
0 

very close to the actual deflection curve. The CDC has been obtained by 
integration over increased length, increase in the length being such that 
the hypothetical column obtained is only axially loaded. 


11 

Prime indicates differentiation with respect to length along 
the axis of element. 
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Ill PRELIMIMAEY DESIGN 


3 il Beam 

It 18 a stractural manber which supports transverse load and may have 
a very anall axial force, in proportion to transverse load, if present. The 
beams here in considered deforn about maoor axis. 


3t1*1 Experimental QbBervatione? The following experimental observations 
mark, deviation from the a 8 suit 5 )tions already made. 


a. Yielding Is not concentrated at a point as discussed by Beadle (I 958 ) 

b. Due to presence of residual stresaes, yielding commences earlier 
than ^ is reached 

y 

where *• M /S • ♦ (3»l) 

y p' 


and 



- plastic moment of section; 

- plastic modulus of section; 

- yield stress . 


o. The strain hardening is present and may increase the capacity of 
the beam as discussed by Mas son at and Sate (19^3) « 


d. The maximum moment is maintained for considerable rotation but not 
for indefinite amount of deformation. 


3.1.2 Functions of a Beamt The various functions performed by the beam 
are, 

a. to support the transverse loads, 

b. to assist frame in supporting the horizontal loads and 
0 . to provide lateral stiffness to the freme* 
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3«1»3 Method of Analysis } A beam under a given set of loads may fonn one 
of the following mechaniemsj 

a. Beam meohanism. 

b. Subassemblage mechanism. 

0 . Sway failure mechanian. 

d. Combined failure mechanism. 

The analysis may also be governed, apart frcan the mechanism, by 
stability criterion as well. 

Moment- aarvature Relationship ? The prediction of beam behavi- 

our in flexure is based on M- ^ relationship shown in the Pig. 5*1 • The 
assumptions made are, 

a. the plane sections remain plane, 

b. the orosssection retains Its shape throughout the defoliations of 

interest and 

c. the beam has no defoimation of consequence out of plane of flexure. 

In practice these assumptions are not valid in elastic zone. Yet the 
comparison is close between theoretical and experimental results as is 
reflected by Pig. 3*1» 

3«1»5 Residual Stress es t It has been observed from experimental data that 
difference between theoretical and actual moment- curvature relationship as 
i!efleoted in Pig. 5*2 and for various sections is small. The effect as 
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shown IS in the region when yielding first commenceg. However, irrespective 
of magnitude of the reeidoal stresses the value of plastic moment remains 
unatteated^. 

3*1 *6 Strain Hardening t The plastic analysis is based on the idealised 
relationship. To simplify the design approach the strain hardening 
effects are neglected. In actual behaviour its effects are as follows > 

a. Actual load capacity is lai^r than the theoretical computations as 
shown in Fig . 3 • 

b. The actual moments at the collapse load for strain hardened material 
are not equal to plastic moment at hinge locations but tend to be 
higher at supports by 159^, appTOximately, and are depressed at 
centre by the same amount. 

5 * 1 *7 Buckling and Bracing of Sections : These are not considered and it is 
assumed that the width to thickness ratio of compression flange and depth to 
thickness ratio of web are within permissible limits and beams are adequately 
braced . 

3«1»8 Preliminary Selection of Beam Sectional The beam has to carry dead an 
live loads. Initially the beam is designed for gravity loading case and the 
section so obtained is subsequently checked for safety against wind thrust. 
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5*1*9 Reduction In Load : Only the live load is reduced by tninimuin of the 
three percentages which are given as follows: 


a> E 

r= 0,06 X A 


(3.2) 

b) R 

100 (DL + LL) 
4.53* LL 

* 9 

(3.3) 

c) H 

= 6C^ 

9 9 

(34) 


where A - 

area in sqft supported by member, 



R - 

reduction in percentage, 



DL - 

dead load/sqft and 



LL - 

LiYIe load/sqft. 



Reduction is not to be applied for roof beams • 


3*1.10 Loading Case t For beams with gravity loads 






where 


• . (3-5) 

M - plastic mooent of beam, 
pc 

- factored total uniform load/unit 
length and 


- clear span. 

At comer joint of beam and column, the hinge may foam In column 
as shown in Pig. 3»4* 1^“ calculation purpose the hinge fomiation is 
assumed for both ends at face of the column but plastic moment capacity 



used is that of the column, no appreciable error will be introduced. The 
plastic moment is given by 


M 


‘pb 


1 * 


(3L^ , d) + d)^ 


( 3 . 6 ) 


where 


d - depth of coliimn and 
K - ratio between column plastic 


moment to U 


pb* 


3.2 Column 

3»2.1 Loadst It is a practice to assign a column, loads in proportion to 
the tributary area. This may not be a very accurate assumption in case of 
elastic anal3rais where its origin lies, however, it maybe very insignifi- 
cantly inaccurate in case of plastic design approach where system reduces 
to determinate structure at failure. 


3*2.2 Reduotion in Live Loads « The live loads are reduced in similar manner 
as in case of beams, except that area in equation (3«2) is cumulative and, 
therefore, after few storeys frcm top the reduction la governed by remaining 
two equations (3 .3) and ( 5 . 4 ) • There is no reduction permitted for column 
supporting roof. 

3.2»3 Moments acting on Qolumns t Clear span as considered for beams, icesults 
in additional monenta due to shear force in beams and is as given by 
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M 


c 


:;? * (L^ + 2L *- d - 3d^) 


. . (5.7) 


wh ere 


1.1 - moQent on colunn due to shear 

c 

force and load avid 


L - centre to centre span of beam. 


5«2.4 Total Moment on a Column t The moments acting at column ends are 
algebrsitP sum of moments at both faces of column. In case of first and 
last columns in a storey the moment will be acting only on one face of the 
column. This moment may be shared by tv/o columns depending on the position 
of the column. The column moments (refer Pig. 2.1) for position (ifj) in 
the frame are given by 


M 

c 1*0 


K 




(3.6) 


where 


1 ^ 


0 = 

M = 
c 



1* n, 

1 , n + 1 , 

total moment on column 

absolute value of algebraic sum of 
moments at joint 


The eq.uation (3»Q) can be written as 


M, . ABS [ (M , , - M , . ) + (M „ . . - M . M 

' .fid pbi,j -1 pblj' ov 1,0-1 cv 1,0 


t • 


(5.9) 
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for 

i = 1 , 3 = 2 ,m, K^=1; 


for 

i = 2,n, j = 2,m, K = 2; 



n 


and for 

i = 1 »nry j = 1 or m + 1 , = 

1 (only one bean 


to be ccnGidere 

v/here 

K - number of columns at the 
n 

joint 


3*2.5 Preliminary Colxinn Design; As an initial trial, a suitable actual 1 
load to yield load ratio is assumed 

- ^ 1 .,/ • • ( 5 . 10 ) 

where P , - load on column at i.j position and 

1,0 

P . yield load of trial section assumed, 
yi»J 


The column so obtained is checked for safety against combined axial 
load and moment at the ends. The ratio is low for upper columns and high 
for lower ones. The above calculations are made assuming that the column 
length is zero. Subsequently the column section so obtained will be checked 
for actual slenderness ratio by sub assemblage method. 







IV LESKIJ OF BRACINO 


4 *1 Aim, Function and Types 

4«1.1 Aim » The hrecin.^ provicion results in an efficient use of materi'’.! 
and restricts the defomations in ln,teral direction to within the prescri’ie 
limits at an economic cost . 

4t1.2 Function: Bracing may be designed to perform one or more of the 
follovang functions, 

a. It provides stiffness to frame by carrying all the lateral loads. 

b. It may share a portion of vertical loads. 

4»1«5 Types: The bracing can be classified into two mam types. 

i) Direct bracing : This is eucplicitly designed to withstand the 
forces . 

li) Indl*reot bracing : This has primary utility in functional 
aspects of structure, yet it contributes considerably to 
frame stiffness. Such bracing is affoaded by walls, cladding 
and partitions. Evaluation of this type of bracing is complicated. 

In the present study only direct bracing has been considered. 

4*2 Assumptions 

The assumptions made to achieve idealised behaviour of the frame 


are listed below. 
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a* All horizontal loads due to wind and P - A effects aro resisted 
by bracin^^. This leads to assuming the behaviour of frame es 
truss » 

b. Bracing is slender and offers no resistanoe in conpreosion. 

All columns in storey rotate through the same angle, 
d* Axial deformations of elements arc neglected. 


Most of the above assumptions result in conservative design of 
structure. Based on the foregoing assumptions ^ the following relations are 
obtained . 

i) The equilibrium of the horizontal forces is given by 



P, , costl + 
bi ^ 


■I, 


H 

cld 


. . ( 4 . 1 ) 




11 ) The equilibnum of vertical forces is given by : 


m+l 

I 

j-1 




rn+1 

Z 

J=1 


cij 


. . {u,?) 


Considering equations (4«l) nnd (4»2) and equilibnur; of colujin. 


L, . i n+1 

F,. - [ I H * 1 

L K=1 


bi 


. . (4.3) 


ivhere - rotation at level 'i . 


4 »3 Bracing Member Section 

The selection of bracing section is governed by the folloTang 
conditions, viz, 

a. yielding of section, 

b. frame stability and 

c. slenderness ratio as specified by the code. 

In top few storeys the slenderness ratio may govern the section and 
in lower storeys yielding is likely to govern the bracing section. 

4.3.1 The Yielding of Bracing Section ; The force in bracing member at 
yield is given by 



y 


. (4*4) 



wh ore 


- force in liracin^^ nbiriber et yeild 


area of bracing nenber 


At yield 


■y^ 


Pv* 

bi 


. . ( 4 . 5 ) 


The strain in bracing is givr-n by 


e. h. i 

111 




* f ( 4 «6) 


where 




- elong&tion in brscing neaber at level 
'i‘ and 

- storey height at level '1 . 


The value of is obtained from equation (4*6) and Hooks lav; and 
equations (4»3) and (4 •5) ffivet 




^bi 




1 

2 H + 




ni+1 


2 ^ 


k=i 


ik 


• • (4«7) 


4.3»1 Stability of Frame ; This condition occurs only in case of gravity 
loads. The force in bracing is given by 


‘bi 


V • ® • '■i • ''1 • ®i 


“bl 


. . ( 4 . 8 ) 


From equations (4*5) sn& (4*8) 
t3 

JU+ I 

^ 1.. 
ij 


X.. . ni+1 

S.Lj .hj j=1 


"i "‘i 




JR 

p-ili 

Acc., No. 1 ' 
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Maximuin area obtained from equations (4*7) snd (4*9) is the ?rea of 
bracing section at level ’i' . This area should then be checked to satisfy 
slenderness ratio constraint and nay h^vc to be suitably nodified. 


4 *4 Frame Resistance 


tVhen combined loads aro acting on the franc hinge foination is as 
illustrated in Pig. 4*2(b), the hinge at windward end disappears as lateral 
defomation ccramences and may reappear if this deformation is allowed to 
continue. However, this is not acceptable, hence, at 'windward end the beam 
section IS in elastic region. Using slope-deflection equations the she^r 
resistance of a frame is given by 


H 


Pi 


12E e. 

■ h 

m 

[ L 

j=i 

K IC 


. . (4.10) 

where 

K 

CJ 

1 

h. 

1 




^bi = 

b 



and 

^03 - 

moment of 

inertia 

of column j tat l®?Gi ±- and 


'bj - 

moment of 

inertia 

of beam j at level i ♦ 


If frame resistance b« considered ther top few storeys are likely to 
have enough resistance vdth defomations restricted to within the prescribed 
limits and, therefore, no bracing nay be required. 






V FlUkt 


5 •! Design of Beans 

Initial dosi^ of beans was earned out at full gra‘/ity loed. These 
sections of boamr: hold for final design except for braced bay boans r.nd top 
corner beams. 


5«1 -1 Braced Bay Beans: These bearis have to withstand considerable hori- 
zontal thrust at lov/er levels. Frame resistance for beans has been consi- 
dered as given by equation ( 4 « 10 ). The axial thrust to be resisted by the 
beam at level i ig given by 

i m+l 

p>^ • “ Z ^ p . . (5.1) 


where 


"bai 


H 


fi 


the axial thrust in the bean at level i and 
the frame resistance at level ii 


The beam is subjected to unequal end monents . The interaction curves 
modified by Lehigh, are used. These curves are for slenderness ratio In 
neighbourhood of 40 and load ratio, P/Py ^ O.4. liieae conditions are 
usually satisfied in practice. IXie to unequal end moments a small error 
creeps in, should the curves be used directly. Therefore, the coefficient 
18 modified as 




e 


• » 


(5.2) 



v/here 


safe load for bean at (i,j) pcaition, 


siO 


- axial stress in beam, 


- Euler 's stress, 


- a [ 1 - 

y '■ 


4 Tt E 


(L/r )' 




pli 


16 -TV ( end 


radius of gyration. 


5t1«2 Top Comer Beam : As already discussed, the hinge may foua in the 
column depending upon the plastic moment ratios . Thus the beam in this 
position may have to be redesigned. If slab resistance be considered, some > 
economy is likely to be achieved. The Pig. 5*1 shows the bending moment 
diagram of composite section and Fig. 5*2 illustrates possible position of 
neutral axis and stress distribution. The composite section maybe designed 
for these two cases. 


Case 1: The neutral axis in the slab is as shown in Fig. 5 •2(b). 

Equating compressive and tensile forces 
* Oij 

t n. 2 ^ , . (5*5) 


0.85 * cr * b 

c s 


M « T.a. 
u 1 


■ . (5-4) 


where 


t 

CTo 


plastic moment of composite section, 
depth of slab in compression, 
cube strength, 
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T - tensile force, 

- slob width acting in conjunction with 
bepLT jTivon by code, 

- lever am and 

- ares of steel, 
s 

Case 2 i The neutral axis in steel section is as shown in Fig. 5 * 2 ( 0 ). 
The plastic moment is given by 

\ = 0^ * El + , (5,5) 


where 


a 


r 


*=2 

^2 


compressive force of concrete slab, 
compressive force of steel portion end 
lever ams for c^ and Cg respectively. 


The total moment capacity is 


M + U 
u p 


Cl » * ‘■c 

8 


. . (5.6) 


5 .2 Column Jesign 

The design of frame column is comparatively complicated. The design 
is based on discretisiug the system throuiglr subassemb leges and utilising 
M relationship to ascertain the maximum resistance of column at given 


rotation. 
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5*2.1 Loading Conditions ; For final checic colunn needs to bo designed fjr, 

a. gravity loading and 

b. ccmbined gravity and ;vind loading. 

5 . 2.2 Gravity Lop din g t Furt>;Gr checks hfve to be applied T-hen, 

H. all the spans ate fully loaded and 
b. alternate spans are fully loaded. 

5.2.3 PoBign'Classifioationi The column design can be classified based on 

a. the loading condition, 

b. the position along vertical axis, viz, roof column or floor column, 
o. the position along horizontal axis, viz, osttericr colunn or interior 

column , 

d. the adjacent span ratio, viz, equal spans or unequal spans, 

e. number of bays and 

f . the status of bay, viz, braced or unbrsced bay. 



a. Outer Columns t The Fig. 5»3 shows a fully loaded frame. The mocsnts 
end shear forces acting on the face of the column ><s illustrated in 
Fig. 5'3(b) arc given by equation ( 5 . 8 ). The Fig. 5'4(b) shows the 
effect on moment capacity, which 13 negligible for P/Py ^ 0,6 
and h/r ^ 40 and for fairly large variation of C. Sine© C 



43 


does not have apprecishle effect, its value for exterior col\inn 
IS assumed as unity. Then the noment 


1.1 


dij 


+ M 


ci-1 ,0 



( 5 . 7 ) 


"b* Interior Columns ! Tho interior colunns may hcv& equ'al adjacent 
spans or unec[.ual adjacent spans ► 


Case 1s Equal Adjacent Spans : The Fig* 5*3 show's forces acting on 
coliuan face|Since 


L 

0 


J-1 



( 5 . 6 ) 




. . ( 5 . 9 ) 


where 

\3R 

- moment 

Qt(i ,j)position CD" right face of 



column 

and 



- moment 

a't(iij)position on left face of 


column 

■ 


The column, therefore, does not undergo any rotation defomation and 
IS designed as axially loaded column based on Colutin Research Council, 
(CRC), formula. The critical load capacity, of column, is given by 


P 


cr 


P 


(1- 






( 5 . 10 ) 


K 

e 


where 


effective length facto 



4 ^* 


Case 2i Unequcl Ad.'jacent Spans: In Fir, 5.3(c) if M. „ =1 M , , 

IJR IJL 

then there acts some mcmf-nt on coluipn ends. These n^nints h-'we 
the same sense and, theref''<ro, the desi'jn nrocodurj is Eiralor 
to that of eucteipr column. 


5 . 2.5 Gravity Load Case (Alternate spans loaded ): The altemrto spans 
loading causes change in ratio of end moments acting on the column end for 
top few storeys, there is significant change in P/Py ratio. 

a. Exterior Golunins : For a fully loaded frame except for the span 
(i-1,j), shown in Fig. 5.5(a), the change in moment at joint of 
interest, at centre line, as shown in Tig. 5«5(b) is 



M 




- % 





(5.11) 


where 




change in moment at joint (i,j), 

fixed end moment due to dead load at 
joint (i,j) and 


~ factored dead load/unit length. 


The condition 


0 4. 




< M 


pblj 


( 5 . 12 ) 
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must be satisfied which results in 

(5*15) 

All the psramj^ters for colunn now dr^teircinGil r.nd c^lijknn 
section can be chocked* For vplue of P/ly 7 ^*6 the variation of 
C, i*e., the monent ratio causes appreciable change in moment 
resisting capacity as sho^Tn in Fig* 5«6* 

b . Interior Columns : 

Case 1: Equal Spans Two Bays s Consider the frsn^ shoTzn in Fig* 
5*7 (q)» The moment resulting from fomation of befin mecbinism m 
bay (i,2) is resisted by columns (i-1^2) and (i,2) and beam 
The sub assemblage is as sho.vn in Fig. 5*®* Th^ beam 

at the joint (i|l) is assumed to be hinged* The mcment acting at 
joint position is 

M, = (K M . + i,2 * ‘ ( 5 . 14 ) 

ij ' a pb 2 

where K - strain hardening factor and 

6 

V - shear force acting on the face of the 
column when V7^ is load on beam. 

The magnitude of rotation for hinge to be formed in beam is given by 
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^pb 1 , 0-1 



f 




(5.15) 


where 



rotation at hinge focnation 
Gh?pe factor, 1 .12. 


The maxiEivim rioraent occurs at naxinun nonent resisting 

capacity of the joint can be obtained as illustrated by Fig. 5 ■9* 


Case 2: Tv/o Ad.iacant ^pans. Three. Bavs t If another span is added 

to the left of Fig. 5.7(a)» the idealised behaviour of subassenblsge 

comprising the same member for joint (i,j) undergoes minor change os 

shown in Fig. 5*10. The joint (i,j-l) is subjected to rotation and 

the beam deflects as shown. It is assumed that 6 K = 6 m, 

ij 

and, therefore, rotations are equal. The plastic hinge rotation 
IS given by 





(5.16) 


Case 3! Unequal Spans. Two Bays : The subassemblage is same as shOvvn 
in Fig» 5.8. However, the column may either have a half vrsve elastic 
curve when 'C* is approidmately equal to -1 , or it may have an elastic 
curve of two unequal reversed half waves. The frame is as shown in 
Fig. 5*11 . Assuming that loading is sane ^er unit area, the maximuni 
unbalanced moment at joint (i,2) occurs when span (i,l) is fully 
loaded and span (i,2) has dead load only, as shown. The moment 
relation is given when. 
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+ 


y*d ^ 

2 ^ 1,1 


> 




1,2 


(5.17) 


Considering the joint (i-1,2) 


\- 1,2 ^ 12 2 ^ i - 1,1 ' ^ 2 ^ i - 1,2 


(5.10) 


where 


M ^ - oonent acting at joint (i-1,2) 

1-1 fC 


(i) If 


(5.1?) 


th en 0-0 


(ii) If ® 


. . ( 5 . 20 ) 


then column bends in tv/o unsynnetricEl half waves. 

In this case C - o is assunedt this being conservativa 
approximotiori. 


(iii) If Vl,2 ^ 

then the column bends as a single half wave and 
G = -1 , this is about the worst case, that can occur 
for a column and is again a conservative approximation ■ 


The imposed moment on joint of interest having been kno\m 2 

can be obtained as given by equation ( 5 * 15 ) and column sections can 


be checked. 



Case 4* Unequal Spans. Three or more Bays ; In this cpse the 
subassembl £ge is same as sho7/n in Fig. 5»10 equation (5*1^) 
may be usc-d . 

5.5 Design of Column for “^ind anrl Croyity LopIs ; 

Due to truss action, as assumed (refer Fig. 4 . 1)1 the unloading 
occurs on v/ind ward column and pdditimal load is imposed on leeward column. 
The safety of previously selected column should be checked by following 


equation. 



6 

^oi,o 

C 

^ H, * tr.nn + -6? - 1 , • * (5.22) 

GX-1 


v4iere 

6 P - addition^*! column lo' d due to vand 

ci,J 

and 

^ci,j 

- 6 p , , . . (5.23) 


The additional column load should be within the capacity of the 
section provided. Thus all the columns for any given load conditions and 
any type of rectangular, regular frame can be designed. 
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COIIPARISOnS OF HESULTS AM) COKCLUSIOIS 


6.1 General 

A compreV'ensive ccmputf^r prop;rci'no developed for the leei^n of 

niultistorey multibay rectangular frames. The prograrmae vv?s tested f( r coriv^it- 
ness by feeding in the data of the frame as presented by Lehigh (1965)* The 
effect on weight and hence the cost of a three bay frame v/as studied by 
incorporating various modifications, listed as follows: 

a) Higher ratio of column load to yield load. 

b) Frame resistance. 

0) Composite beam action. 

d) Different adjacent span ratio for a given total span. 

c) Spacing of frames. 

d) Choioe of braced bay. 

Also a four bay frame has been studied for various adjacent span 

ratios. 

The reference frame being Lehigh ( 19 ^ 5 ), the FPS system has been used 
in this thesis. The programme can be readily modified for any other system. 

6.2 The Design Feature 


These features of the reference Lehigh (1965) franc are, 
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i) load factor 

gravity case 

1.7 


gravity + /nni cane 

1.5 

ii) dead load 

rnof 

95 Ibn/sft 

- 

flour 

120 Ibc/sft 

iii) live load 

roof 

30 Ibs/oft 

iv) storey height 

floor 

W 

100 Ibs/sft 
Zo >SF 

12,0 ft 

v) number of storeys 


24 

vi) number of bays 


5 (20'- 

vii) spacing of frames 


24.0 ft 

iix) yield stress of steel 

36 ksi 


The results of the test frame are presented in Table 6,1. The savinf 
in the overall weight is due to, 

i) ' higher ratios of column load to yield load, 

ii) selection of a colvunn section for each storey unlike in the reference 
solution where in the column sections remain same for two storeys, 

iii) the iterative process in preliminary selection of sections such that 
these are just sufficient for short columns and are revised in sub- 
sequent checks, 

iv) a lower average weight (525 Ibs/rft) of the column than the reference 
frame (625 Ibs/rft) and 



v) marginal savin^ in v/eio'ht occunri'" frrn consideration of Dea'' 
stiffness "ihilc evaluatin'^ tbe overall frai'' resistarca . 
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6*3 Frame Resistance 

The frame resistance is i^iven by '.Vr-i-'-ht (1972) as 


H 


fi 


(M + M + 

Cl, 1b Cl, It 


nu-1 

2 

J=2 




pci.j 


m+1 

. - Oi ^ r £ 

0-1 




where M 


Cl , 1b 


M 


ci , 1 1 


M 


pci.J 


elastic morent of column at (i,l) at lower 
end, 

elastic monent of column at (i,l) at top erd, 
plastic moment of column at (i,o) and 


If IH. , . . (6.2) 

No braoino; is required for storey 'i' . 

This approach does not seem to be correct and needs to be modified 
as follows 


«fi * 


7 


i 

2 




1 

2 




. . . (6.J) 


In the reference solution the frame resistance has not been consi- 
dered while designing the bracing. As will be seen from Table 6,1 the weight 
of bracing remains constant over top few storeys, which is due to the slender- 
ness ratio governing the bracing design. The column has additional load 
capacity due to wind and gravitj’’ load combination because of lower load 



factor, this additional capacity can be readily utilised to resict horizontal 
shear thus leading to redundancy of bracing in top fev^ stones as is reflected 
by the results in Table 6.2. The percentage savir- is noriinal for toll franco 
but considerable in the case of fraics upto ten storeys. Eo.vever it ib esGon- 
tial to check for deflection of the frame by elrstic approach. 


6 ,4 Composite Bean Slab Action 

The results for the reference frame taking into account the composite 
beam slab action are as given in Table 6.3. The saving in beam sections of 
shorter spans are likely to be offset by the revision of column sections due 
to net increment on column ends which occurs particularly when adjacent spans 
have large differences. 


6.5 Span Variations 

The frame under study is three bay, ten storey frame. The weights of 
frames for various span ratio configurations have been evaluated and presented 
in Table 6.4. The following are the observations: 

1) The weight is minimum when all spans are equal or nearly equal. 

ii) The vreight is likely to be more- for unaymet tic fren-ss. 

lii) The gravity case is likely to govern column sections for less number 
of storeys and lower wind pressures. 

v) Occasionally it is possible to get a heavier column section in upper 
storey as compared to lower one, this is for a simple reason that the 
reserve strength of the joint is combination of upper and lower 
columns resisting the beam moment. 
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6 .6 Spacing of Frames 

The frame considered is ten storey, tVjree bay (20'*-12'-26' ) frane. 

The effect of spacias is studied by varying the aeud load at the rate cf 
10 lbs/3 ft change in spacing of frames* The resui ts ar^.- sbo.'/n in fable 6.5* 
The results indicate that the saving in over all weight of frame is nnrginal 
due to coarse discrete section range availability. 


6.7 Choice of Braced Bay 

The frame considered for this parameter is ten storey, thrie bay (20*- 
12'-28') frame. The choice of braced bay has some effect on the over all 
vreight aa shovm in Table 6,6, from which the following conclusions can bo 
drawn. 

l) The angle of bracing effects tho column section profoundly. The 
revision for (10,3) column v/hen braced bay is 26.0 ft, takes place 
from 150 to 167 Ibs/rft, and for tho some column for 12.0 ft braced 
bay span the revision is from 15S to 176 Ibs/rft. 

ii) The weight for 12.0 ft braced bey is lesser than 28.0 ft braced bay. 
However, for very tall structures this may not be valid, as the 
advantage gained in reduced brccing v/eight will be offset by shar[)er 
Increase in column section revisions due to increased amal loads 
ocouring from wind load. 

iii) The braced bay span of 20.0 ft yields minimum weight because of 
no revision of sections due to wind load. 
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6 ,8 Four Bay Frsiae 

The results of four, four bey frenivs ore presented in Table 6,7* It 
v/ill be readily seen that the raaxinuz^ .’/eight for cny sdch oonfigurrtion of 
this case is considerably less than the lo.vest obtnned for ^'ry tnroe b’^'y 
frame (Table 6.4)* This is due to the lesser unbalanced nonnnts inpoaed on 
column ends. 


6 .9 General Conclusion 


Prom the foregoing study corned out on various frames the follo.Mng 
conclusions can be drawn. 

1 ) The adjacent span ratio of bays has a profound effect on the overfill 
v/eight of structure. 

ll) The minimum weight of frame is obtained for equal or nearly equal bays. 

lii) Consideration of frame resistance eliminates bracing from tlie top fev/ 
storeys resulting in economy. 

iv) The spacing of frame does not have much effect on the overall weight 
of structure. 

v) The composite beam slab action may reduce the bean sections and nay 
necessitate heavier column sections. 

vi) Staggering of the braced bays will eliminate revision of column 
sections . 

vii) The argle of bracing has profound effect on taller structures than 


others . 



6.10 Future Study 


Further study should be conducted t'kin-; follcAin', roiritc into 
account; 

i) Incorporation of stiffnt of f''r -^n': .,l..ftt joint:, in cur- 
assemblage behaviour. 

ii) Beam column action of ccnposite sections. 

Ill) Reduction or total eliPination cf sccondcry net rork of beeC'S and 
evolving a flooring system ectin^ in unison ,vith the frant,. 



TABLE 6.1 


'-VEiaHT 0? 24 STCRE/ CO.TARISO:, FRAJ'S 



"/eight of beam 
for Storey (Lbs) 

Weight of Colurn 
for Storey (Lbs) 

rVeig’ht of Brccia;^ Tot::l ^ 'eight 
i.'enbers for Storey upto Storjy 
(Lbs) (Lbs) 

1 

1850 

2736 

555 

4901 

2 

2572 

2220 

354 

9827 

5 

2350 

3132 

354 

15653 

4 

2355 

5e&8 

334 

22203 

5 

2333 

4416 

534 

29291 

6 

2333 

4600 

354 

36633 

7 

2333 

5020' 

300 

45171 

0 

2355 

5928 

455 

53836 

9 

2333 

6564 

455 

65238 

10 

2533 

7056 

501 

73128 

11 

2535 

7656 

565 

85782 

12 

2333 

0232 

709 

94955 

13 

2553 

8856 

709 

106852 

14 

2333 

9372 

824 

119381 

15 

2533 

9900 

824 

132438 

16 

2333 

10644 

824 

146238 

17 

2335 

11184 

934 

160689 

18 

2333 

11880 

934 

175855 

19 

2333 

12560 

1043 

191570 

20 

2333 

13352 

1043 

208278 

21 

2353 

15440 

1130 

2251 80 

22 

2335 

14544 

1262 

245519 

25 

2353 

15432 

1262 

262346 

24 

2333 

16440 

1262 

282580 


Weight by Lehigh solution 


296400 


Weight by elestic solution (Lehigh) 

516000 


table 6.2 


^KHT '''? 24 srnKiY ILOl'm OBj'TI! i 

ERAJ'E RESIST/ 'C3 
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i/eight of besLi 
for Storoy (Lbs) 

of Colunn 
for Storey (Lbs) 

.'.’eight of Brocirig 
f'frr,berc for Starry 
(Lbs) 

Total /jig'jt 
■ upto Stoi'V 
(Lbt.) 

1 

1030 

2736 

n 

4366 

2 

2572 

2220 

j 

9150 

3 

2560 

5152 

0 

14650 

4 

2553 

3863 

0 

20370 

5 

2333 

^416 

334 

27953 

6 

2353 

4600 

334 

35500 

7 

2353 

5820 

300 

43033 

8 

2335 

5928 

455 

52549 

9 

2335 

6564 

455 

61901 

10 

2355 

7056 

501 

71791 

11 

2335 

7556 

565 

82544 

12 

2355 

8232 

709 

93617 

13 

2353 

0056 

709 

105515 

14 

2353 

9372 

824 

1180^.3 

15 

2333 

9'500 

821 

131100 

16 

2333 

10644 

824 

144901 

17 

2353 

11184 

954 

159351 

18 

2353 

11600 

954 

174497 

19 

2333 

12560 

1043 

190255 

20 

2353 

15332 

1043 

206940 

21 

2333 

13440 

1130 

225845 

22 

2555 

14544 

1262 

241981 

23 

2353 

15452 

1262 

261008 

24 

2333 

16440 

1262 

281043 
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TiiBLE 6.3 COMPOSITE BE/iI4 AC?TI02i 24 STOREY FR/JS 



■Jeight of beam 
for Storey (Lbs) 

Ifeight of GoIutiH 
for Storey (Lbs) 

weight of ar:join^ 
!.!enberLD for Storey 
(Lbc) 

Totsl Veight 
ui to Storey 
(Lbs) 

1 

1760 

2652 

335 

4747 

2 

2341 

2232 

534 

9655 

3 

2333 

3261 

53; 

15506 

4 

2283 

3888 

534 

22091 

5 

2285 

;<ri6 

334 

29124 

6 

2283 

500^ 

534 

36745 

7 

2283 

5928 

380 

45536 

8 

2283 

5928 

455 

54004 

9 

2283 

6660 

455 

63400 

10 

2283 

7164 

501 

73516 

11 

2283 

7656 

565 

83582 

12 

2283 

8340 

709 

95103 

13 

2283 

8856 

709 

107031 

14 

2283 

9400 

824 

119618 

15 

2285 

9996 

824 

152720 

16 

2263 

10644 

824 

146471 

17 

2283 

1118 * 

934 

160372 

18 

2283 

11800 

934 

175968 

19 

2283 

12560 

1045 

191654 

20 

2283 

15532 

1045 

208512 

21 

2283 

13440 

1130 

225164 

2 £ 

2285 

14820 

1262 

243529 

23 

2283 

15432 

1262 

262505 

24 

2285 

16440 

1262 

282490 


V ■’I tTior 


Ti'iBLS 6 .4 


10 OTCFtEY FR;.’I: - EPAN 


^5 


Span 
inch es 

240-144- 

336 

180-360- 

180 

192-556- 

192 

201-512- 

pr 

21 6-2^3- 
216 

P 23 - 261 - 

226 

210- 240- 
2;o 

Storey 

.» eight 

height 

height 

■Jelgh t 

7 “ 1%’ht 


v< igh t 

1 

4900 

4519 

43.0 

3507 

5727 

3715 

5 If- 6 

2 

9827 

9242 

8853 

81 70 

7937 

7717 

71 ;5 

3 

13652 

14707 

1407.1 

12^129 

1 2 o 80 

12573 

128,6 

4 

22207 

20^16 

19714 

ir!05^< 

1'‘0.56 

1 76.' 1 

17259 

5 

29290 

27038 

26306 

2,173 

2 1 1 

25365 

23192 

6 

36637 

3'l119 

53142 

50775 

50. ^.51 

30225 

30157 

7 

45170 

41729 

40696 

376.0 

36515 

57766 

37305 

0 

58854 

50674 

49272 

45976 

^6570 

45708 

15957 

9 

63186 

60058 

50562 

5;4B3 

55033 

54C47 

54550 

10 

72968 

69879 

67912 

6352; 

64099 

62996 

65109 



T/iBLE 6.5 

1.5EIGHT OP 10 

STOREY FR/J-IE - 

SP 7/31110 

VARI/iTIO: 

Frame 

180 

216 

252 

288 

324 

spacing 






inches 






Storey 

freight 

Height 

^wight 

'/eight 

Height 


1 

5730 

3969 

2 

7164 

7990 

3 

11031 

12498 

4 

14929 

171 72 

5 

19257 

22357 

6 

23625 

27902 

7 

28741 

54055 

8 

33995 

40564 

9 

39010 

47451 

10 

46022 

55002 


4562 

4900 

5064 

8865 

9027 

10554 

15953 

15652 

17154 

19174 

22207 

24278 

25294 

29290 

31714 

31966 

56637 

40365 

29203 

45170 

49332 

46977 

53834 

59037 

55171 

65I86 

69584 

63596 

72968 

GO71I 


Weight 

for 10 ft 3O60I 3O6OI 30204 30403 29893 

spacing 



T/iBLE 6.6 


in-T ov 10 STuRE^ FR.J^S - 5R;GED B/ V 7'RI.'7I0‘: 


2^ FT SPaCTi:^ 


Span inches 

240-V14-336 

2;c-1 7,-536 

2 ; 0 -i ;-.- 33 ' 

Braced span 

336 

144 

2.10 

Storey 

W 2 is;ht 



1 

4900 

4651 


2 

9027 

9520 

9;2' 

3 

15652 

14914 

150:3 

4 

22207 

21274 

21 ;46 

5 

29290 

20109 

2639' > 

6 

36637 

354O6 

55636 

7 

45170 

13802 

t; 07 : 

8 

53854 

52427 

52677 

9 

63166 

61610 

61929 

10 

72906 

71748 

71633 


TABLE 6.7 ’ffllGHT OF 10 STOREY FR/JIE - IWJR SPi'JT COIJPIGUTO’iTIOK 

24 FT SP4GII1G 

Span 

inches 

Storey 

1 20- 240- 
240-120 

Weight 

132 - 228 - 

220-152 

'Jeight 

1 14 - 216 - 
216-144 

7eight 

156-204- 

204-156 

height 

168 - 192 - 

192-160 

rVeight 

100-180 

180 u 180 

'Teigi^t 

1 

5172 

5246 

2900 

2071 

2945 

2839 

2 

6962 

6805 

6564 

6249 

6294 

6256 

3 

11557 

10872 

10710 

10206 

10215 

10210 

4 

16457 

15489 

15433 

14501 

1464 1 

14677 

5 

21999 

20032 

20497 

19627 

19661 

19758 

6 

20364 

26685 

26425 

25290 

255C6 

25475 

7 

35676 

35560 

33070 

31805 

52209 

51725 

8 

43365 

41157 

40522 

59211 

39014 

59040 

9 

51441 

49227 

40442 

47542 

40100 

49195 

10 

60056 

57691 

57312 

56299 

56096 

56913 
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